Fifty actinomycete strains isolated from lignocellulosic substrates were examined for the ability to remove the color from a paper mili etlluent obtained after semichemical alkaline pulping ofwheat straw. Streptomyces sp. strains UAH 15, UAH 23, UAH 30, and UAH 51 were selected for their ability to decolorize the etlluent in a liquid medium containing 1% (wt/vol) glycerol, 0.2% (wt/vol) ammonium sulfate, and 80% (vol/vol) elluenL The highest levels of decolorization achieved after the strains grew were 60 to 65%. Strains UAH 30 and UAH 51 were selected for further study because of their different pattems of etlluent decolorization during growth. Fractionation of the decolorized etlluent by gel permeation chromatography deoionstrated that there were reductions in the levels of absorbance of the high-and medium-molecular-weight compounds. These fractions were mainly responsible for the color of the etlluent, while the last fractions, the low-molecular-weight compounds, could have been responsible for the residual color of the decolorized elluenL Thin-Iayer chromatography revealed significant dil'erences among the pattems of bands corresponding to the acidified supematants obtained after precipitation of alkali-Iignin from the etlluent samples decolorized by �erent Streptomyces strains.
Pulp and paper mili effluents have been recognized as environmental hazards far many years. Toe chemical compo sition of such effluents depends on the nature of the feed stocks, as well as the treatment procedure. Toe dark brown color of these effluents is mainly due to their high contents of oxidized and partially degraded lignin (10). Reducing this color befare the effluents are discharged into natural waters is an important goal.
Several microorganisms (mainly white rot fungi) have been used to decolorize effluents from different sources because of their ability to degrade lignin under laboratory conditions (2, 3, 13, 18).
It is also known that actinomycetes play an important role in the transfarmation of lignocellulose (5, 11, 14, 17, 21). These microorganisms are able to degrade cellulose and hemicellu lose as they oxidize and solubilize the lignin component. Several actinomycete strains have been proven to modify effluents which are produced during the chemical bleaching of pulps (20, 22) . Although there is considerable potential far treating these effluents by biological methods, the mechanism of color removal is poorly understood.
In this study we determined the optimal conditions far decolorization of a paper mili effluent by several Streptomyces strains. Furthermore, we partially characterized the decolo rized effluent.
MATERIALS AND MEIBODS
Microorganisms and culture maintenance. Fifty actinomy cete strains were isolated from different lignocellulosic sub strates by using two types of media, Bacto Actinomycete Isolatioil Agar (Difco) and inorganic salt-starch agar (16) Etlluent origin, color measurement, and pH determination. Paper mili effluents (pH 8.5) were obtained from a Spanish plant after semichemical alkaline pulping ofwheat straw (soda cook liquor) and anaerobic and aerobic treatments. These effluents were collected and stored at 4 º C. Toe pHs of the effluents were adjusted to different values (range, pH 7.0 to 3.0) by adding 12 M HCl, and then the effluents were centrifuged at 12,000 X g far 15 min and filtered through Whatman no. 1 filter paper befare they were used. Color intensity was measured at 465 nm after the pH was adjusted to 7.6 with 12 M HCI. Toe effluent absorbance was determined spectrophotometrically and was related to the absorbance of a Pt-Co standard solution at the same wave length (12). Toe initial color intensity of each effluent was 16,000 color units. Toe adsorption of color by the mycelia was estimated in a supematant obtained after the mycelia were washed with 1 N NaOH.
Decolorization screening under �erent conditions. Pri mary screening was performed on G.AE. agar plates contain ing 30% (vol/vol) total effluent. Each plate was inoculated with 20 µl of a standard spore suspension, and the plates were incubated at 28 or 37°C far 7 days.
In liquid medium, 200-µl spore suspensions were inoculated into 100-ml flasks containing 20 mi of 80% (vol/vol) total effluent and mineral salt medium (4) Consequently, eight different media were assayed. Toe initial pH of each medium was adjusted to 7.0.
After the optimal medium for decolorization was selected, different inocula (0.1, 0.5, 1.0, 1.5, and 2.5 mi of standard spore solution � er 100 mi of medium) were also assayed. Cultures were incubated for 7 days at 28 or 37 º C with shaking at 200 rpm.
Cell growth and color loss. Toe time course of growth was determined in 100-ml flasks containing 20 mi of mineral salt medium supplemented with 80% (vol/vol) total effluent, 1 % (wt/vol) glycerol, and 0.2% (wt/vol) ammonium sulfate. Toe cultures were incubated under the conditions described above.
Cell growth was estimated by determining the dry weight of the mycelia. After the mycelia were separated by centrifuga tion at 3,000 X g, for 10 min, the pH, color loss, and molecular distribution of the effluent components were determined daily for the culture supernatants.
Gel penneation chromatograpby. Toe pH values of un treated and decolorized effluents were adjusted to 7.6. Toe molecular size distribution in each effluent was determined by loading 2 mi of the e:ffluent onto a Sephadex G-100 column ( 40 by 2.5 cm; Pharmacia) in 0.1 M Tris-HCI buffer (pH 7.5). Toe flow rate was 1.5 mi min -i. Sample elution was monitored by measuring the A 280 with a Hi-Load system apparatus (Phar macia) and collecting 3-ml fractions. Color absorbance was measured at 465 nm with a Beckman model DU-50 spectro photometer.
Alkali-Iignin preparation. Untreated and decolorized efflu ents were acidified with 12 M HCI to pH 1 to 2 and then centrifuged at 12,000 X g for 10 min. Alkali-lignin was ob tained after each precipitate was washed with deionized water. Toe pH of the acidified supernatant was adjusted to 7.6, and this supernatant was chromatographed as described above.
Thin-layer chromatography. Acidified supernatants that were obtained after alkali-lignin precipitation were extracted with 1 volume of diethyl ether, and the extracts were evapo rated to one-tenth of the initial volume. Ether-soluble concen trated fractions were spotted onto silica gel aluminum sheets (Scharlau Aluchrom SI F 254 ) and developed in toluene-acetic acid (7:3) (15). Bands were visualized under short-wave UV light and photographed by using type 55 ASNDIN 50/18 º Polaroid black and white film.
RESULTS ANO DISCUSSION
On the basis of the results of the primary screening, Strep tomyces sp. strains UAH 15, UAH 23, UAH 29, UAH 30, UAH 51, and UAH 59 were selected because of their ability to remove the color from solid medium and produce clear halo around mycelial growth after 7 days of incubation.
Toe optimal conditions for effluent decolorization were determined by using liquid medium. Different degrees of decolorization were observed in the eight media tested, de pending on the carbon and nitrogen sources added. Toe highest degrees of decolorization were observed when we used media containing glucose and ammonium sulfate, glycerol and yeast extract, and glycerol and ammonium sulfate (Fig. 1 ) . Toe strains produced significant growth in ali media, and glycerol and ammonium sulfate were the carbon and nitrogen sources which resulted in the highest degrees of decolorization in ali of the strains tested (65, 60, 63, and 65% color loss for strains UAH 15, UAH 23, UAH 30, and UAH 51, respectively, after 7 days of growth). It should be emphasized that in the presence of yeast extract, ali of the strains produced a great deal of pigment, which could have masked decolorization; therefore, yeast extract is not suitable for decolorization studies. On the basis of these results, strains UAH 15, UAH 23, UAH 30, and UAH 51 were selected for further stuciy. Toe time course of growth of these strains and the pattem of color loss that occurred with growth are shown in Fig. 2 . Toe most significant color loss in the effluent was observed during the exponential phase of growth in ali of the strains studied. However, with sorne of the strains (UAH 15 and UAH 51) color loss was also significant during the stationary phase of growth.
In the strains tested, the pH values of the decolorized effluents were not lower than 5 values reached with strains UAH 15, UAH 23, UAH 30, and UAH 51 were 6.57, 6.38, 5.90, and 5.0, respectively. In blank experiments, the degrees of color loss in untreated effl.uent were 4% at pH 7.0, 8% at pH 6.5, 12% at pH 6.0, 16% at pH 5.5, and 17% at pH 4.5. Therefore, we believe that the decolorization process is not just a consequence of acidifica tion of the medium, but biological transformation should be considered.
On the basis of the different patterns of decolorization, strains UAH 30 and UAH 51 were selected for further study. To find out whether the inoculum size had an effect on the degree of decolorization observed in the effl.uent, different concentrations of spores were assayed. We observed decolori zation of the effl.uent only when the inoculum size was more than 10
6 CFU m1-1. Studies of molecular size distribution in decolorized effl.u ents are useful for determining the modifications that occur in the chromophoric groups responsible for the color (8, 9) . The patterns of elution from Sephadex G-100 columns at 280 and 465 nm obtained with both untreated effl.uents and effl.uents decolorized by strains UAH 30 and UAH 51 are shown in Fig.  3 and 4 , respectively. At both wavelengths, the patterns of elution from the effl.uents decolorized by the strains exhibited decreases in absorbance of the high-and medium-molecular weight compounds that were correlated with incubation time. Effl.uent decolorized by strain UAH 51 exhibited gradual decreases in absorbance of the high-and medium-molecularweight compounds during growth (Fig. 4) , while strain UAH 30 produced only slight changes after 2 days of growth (Fig. 3 ). An increase in the A 280 of the low-molecular-weight com pounds was observed in the effl.uent decolorized by strain UAH 30. However, in the effl.uent decolorized by strain UAH 51 a decrease in the absorbance of these compounds at the same wavelength was detected.
At 465 nm, the elution patterns of the high-and medium molecular-weight compounds in the effl.uents decolorized by both strains were similar to the patterns obtained at 280 nm. In contrast, the low-molecular-weight absorbance in effl.uent de colorized by strain UAH 51 at 465 nm was different from the absorbance in effl.uent decolorized by strain UAH 30. The differences could be attributed to different transformation mechanisms of the chromophores in the two strains.
To investigate the molecular weight patterns in the effl.uents tested, gel permeation chromatography of the effl.uent was performed after chemical removal of the alkali-lignin fraction. The resulting chemically treated effl.uent had a residual yellow color. The profile obtained with Sephadex G-100 at 280 nm indicated that low-molecular-weight compounds were present, and high-and medium-molecular-weight compounds were not detected (Fig. 5) . These results suggest that the high-and medium-molecular-weight compounds are responsible for most of the color in the effl.uent, while the residual color of the decolorized effl.uent could be due to low-molecular-weight compounds. -----l.-1......------JL...----- The results of thin-layer chromatography of the compounds extracted from acidified supematants obtained from both untreated effluents and effluents decolorized by strains UAH 51 and UAH 30 are shown in Fig. 6 . Because aromatic compounds can be visualized under short-wave UV light (15) , the bands detected could be attributed to lignin-related com pounds. A constant pattem of bands was obtained with the effluent decolorized by strain UAH 30 after 4 or more days of incubation (Fig. 6A) , while in the effluent decolorized by strain UAH 51 pattems of bands having different R 1 values were obtained at different times during the decolorization process (Fig. 6B) . These results suggest that strains UAH 30 and UAH 51 may have different mechanisms for decolorizing the efflu ent.
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Although the percentage of adsorption of the color to the mycelia was estimated to be 20% of the initial color after 4 to 5 days of incubation, it was almost impossible to recover ali of the color from the mycelia because of its structure under the conditions which we used (solid pellets).
On the basis of the results obtained by gel permeation chromatography and thin-layer chromatography, we suggest that not only is decolorization of the effluent a consequence of mycelial adsorption of the color but also transformation of the major chromophoric groups occurs in the effluent. Transfor mation was observed only in strains in which previous adsorp tion occurred, and decolorization of the effluent by both strains required initial adsorption of the color to the mycelia. Char acterization of alkali-lignin and lignin-related compounds will be necessary in order to confirm these results. lt has been found that actinomycetes produce a ligninolytic system during growth on lignocellulosic materials (1, 14) . However, even though ligninolytic enzymes, such as phenol oxidases, are involved in the decolorization of paper mili effluents in white rot fungi (6, 7) , no data conceming the role of these enzymes in actinomycetes have been reported. Addi tional studies should be performed with selected Streptomyces strains to determine the possible involvement of ligninolytic enzymes in decolorization of effluents.
